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Reactive propylene oligomers 
I, Propylene oligomers with isopropenyl end group by thermolysis 
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SUMMARY 
Propylene oligomers containing isopropenyl end group have been pre-  

pared by thermolysis of atactic polypropylene. 
The chain-end s t ruc tures  and the number-avarage isopropenyl chain end 

funct ional i ty  was determined in the product by C-13 NHR spectroscopy. Mo- 
lecular weight of the oligomers were between 300 and 1000, as characterized 
by GPC. 

Conditions leading to the formation of propylene oligomers with number- 
average isopropenyl chain end funct ional i ty  of 1.0, have been worked out. 
I. INTRODUCTION 

End-react ive oligomers serve as intermediates in preparat ive polymer 
chemistry. Furthermore, they can be of in terest  in the i r  own r igh t  as addi-  
t ives for  plastics, coatings, adhesives etc. (1-2). 

In th is  work, thermolysis has been used as a preparat ive method to p re-  
pare propylene oligomers containing isopropenyl end group. The isopropenyl-  
ended material is a valuable intermediate that  can be converted to a va r ie ty  
of functional oligomers. 

The thermolysis of polypropylene (PP) has been studied by several au- 
thors (3-7) with the main purpose of c la r i fy ing  the mechanism of f ragmen- 
tation and analyzing the low molecular weight volat i le products by using 
mass spectrometry (4) and gas chromatography (5-7). This topic has been 
reviewed several times (4,8-9). A short  work  on the C-13 NHR analysis of 
thermal ly prepared propylene oligomers has been published (10). Based on 
the kinetic scheme proposed in a comprehensive product invest igat ion study 
(5), i t  seemed feasible that  propylene oligomers containing isopropenyl end 
group can be prepared by thermolysis. 

The ini t iat ion reaction occurs by random scission of the main chain, 
y ie ld ing pr imary and secondary radicals. The formation of isopropenyl and 
n-propy l  end groups is the resul t  of var ious reactions of these radicals 
(5,9). Schematically: 

-OH -OH-OH -OHmOH -OH-OH - thermolysis_ -OH -OH-OH -OH + CH2=c'-CH2-T 
2 I 2 I ! 2 I 2 2 I 2 1 2  

OH 3 OH 3 OH 3 OH 3 CH 3 OH 3 

The presence of saturated chain-end s t ruc tures  is ind i f fe rent  in respect of 
the applications we are concerned with. 

We have developed a simple, convenient preparat ive thermolysis method 
not requi r ing costly equipment. The oli9omers are d i rect ly  obtained without 
any additional experimental handling, in absence of solvents or contamina- 
t ing agents.The increase of flow rate of car r ie r  gas flow introduced into 
the molten polymer allows control of the oti9omer molecular weights. 

*Corresponding author 
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II. EXPERIMENTAL 
a/ Materials 

A commercial grade of unstabilized atactic polypropylene (APP) (Tipplen 
APP-A, TVK, Hungary; I~1 n % 3000, NIw/l~l n ~ 11, softening point >145 ~ was 

used as received. Tipplen APP-A is produced as a byproduct during of the 
industrial production with TiCl3/AI(C2Hs)2Cl catalyst system of isotactic 

polypropylene (Tipplen PP).. 
b/ Apparatus and preparative procedure 

Scheme of the apparatus is shown in Figure 1. 
A complete set-up includes: a 100 ml three-neck round-bottom reaction 

flask equipped with N 2 in let  tube, thermometer and a twice bent glass tube; 

condenser; 100 ml two-neck round-bottom receiver flask having an outlet tube 
fi l led with glass wool. 

In the reaction flask 20 g APP was placed. The material was rapidly 
heated to and thermolyzed at 400 ~ Temperature controller maintained tern- �9 , 0 

perature within + 5 C. Rotameter was 

used to measure rate of N 2 flow, Ther- 

molysis products carried by a stream 
stream of N 2 passed through the twice N2 

bent glass tube and condenser, and 
were collected in the ice-cooled re- .~-%---III.-./---,~ E 
ceiver flask. The aim of the outlet ~ ~ . ~ . _ _ . . J  E 
tube fi l led with glass wool is to hin- ( o 
der of the escape of the volati le f rag-  ~ o 
ments. 

The products were characterized : Star t ing 
and used in fu r ther  reactions without mater ial  
any additional handling. 

Figure 1. Apparatus used for the 
preparation of propylene 
oligomers by thermolysis. 

Glass 
wool 

Product 

c/  Characterization methods 
The H-1 and C-13 NMR spectra were recorded on a Bruker 200 SY spec- 

trometer at 50 ~ in CDCI 3. 

The quantitat ive C-13 NMR spectra were obtained by using the inverse 
gated mode of decoupling in order to obtain signals without nuclear Over- 
hauser enhancement (11-12). 

When necessary, the assignments were checked by APT (attached proton 
test) experiment (13). 

The chemical shif ts are expressed on the TMS (tetramethylsilane) scale. 
Molecular weight of the oligomers dissolved in THF were determined with 

a Shimadzu C-R3A high pressure GPC instrument equipped with RI detector 
and f ive LiChrogel columns. The calibration curve was constructed by using 
narrow molecular weight distr ibut ion polyisobutylene standards. 
I I I .  RESULTS AND DISCUSSION 
a/ Preparation studies 

During the thermal degradation of polypropylene the average molecular 
weight and softening point decrease, and the molecular weight distr ibution 
becomes narrower (3,8). 
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I ' o Isotactic polypropy ene begins to decompose at about 250 C, the atac- 
O 

t ic polymer at about 270 C. At any given temperature, the stereoregular 
polymer undergoes thermolysis to a greater extent than the atactic material 
(7). Volatilization is unimportant below 300 ~ (8). 

During the thermolysis of iso- 
tactic polypropylene an epimeriza- 
tion of considerable degree takes 
place and products tend to be prac- 
tically identical with those obtain- 
ed from atactic polypropylene. 

The conditions and results of 
the preparation of propylene oligo- 
mers are presented in Table 1 and 
Figures 2 and 3. Atactic polypropyl-  
ene was thermolyzed at 400 ~ in a 
carr ier stream of N 2. The regulation 

of the rate of gas flow introduced 
into the polymer melt allows fair ly 
reliable control of reaction time and 
of molecular weight of oligomers: 2'0 
Reaction time decreases, oligomer mole- 
cular weight increases with increasing 
flow rate. Some typical gel parma- 

M p e a k = 9 4 0 ~ , ~  

3o 

Figure 2. GPC traces of propylene 
oligomers prepared by 
thermol ysis. 

2b 

M p e a k = 6 6 ~  

is is 

Mpeak=32~ 

25 30 3"5 

Elution volume (ml) 

TABLE 1 
Conditions and Results of the Preparation of Prop.vlene Oligomers with 
Isopropenyl End Group by Thermolysis at 400 ~ 

Rate of N 2 flow Reaction time M** F***  
peak n 

( ml/s N 2 /g APP ) (h) 

O. 174 3,5 320 0,94 
0,260 2,3 520 0,97 
0.347 1,8 660 0.98 
0,416 1.5 730 0,99 
0.486 1,5 800 1.01 
0.555 1.5 850 1.01 
0.694 1.3 940 1.03 

Amount of start ing material: 20g APP (Mpeak=7OO0, free of unsaturation). 

Yield of oligomers in the range: 73-66 %. 
Mpeak is the molecular weight corresponding to the maximum of the elu- 

***t ion profi le by GPC. 
Number-average isopropenyl chain end functionality by C-13 NNR spectros- 
copy. 
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ation chromatograms of propylene oligomer mixtures prepared by thermolysis 
are shown in Figure 2, Since d is t inct  shoulders and side-peaks are present 
on the low molecular weight side of the elution prof i les, the molecular 
weight corresponding to the maximum of the elution prof i le  (Mpeak) was 

calculated.The Mpeak range explored was 320-940. The molecular weight of 

the highest molecular weight oligomers present in the samples increases 
from 1400 to 3000. When Mpeak>500 , the appearance of the oligomer mixture 

is pasty at ambient temperature. Yield var ies from 73 to 66 %. A small in-  
crease of the number-average isopropenyl chain end funct iona l i ty  (r=n) with 

increasing flow rate can be observed but the deviat ion from F = 1.0 is not 
n 

essential. 
b /  Chain end funct iona l i ty  

In the H-1 NMR spectra of propylene oli9omers the fol lowing resonances 
diagnostic for  the isopropenyl end group, were found (the numbers are chem- 
ical sh i f ts  in ppm): 

2.07 

PP-CH2-C=CH 24- -  4.74; 4.81 (doublet)  
/ c~3 

1.77 

Only traces of resonances were detected for  other possible unsaturated end 
groups in the H-1 NMR spectra of the condensed volat i le products. 

Detailed analysis is possible only by C-13 NMR spectroscopy. The quan- 
t i t a t i ve  C-13 NMR spectrum of a propylene oligomer mixture (Ent ry  1 in Ta- 
ble 1) is shown in Figure 3. The complex spectral features arise from the 
tac t ic i ty  sp l i t t ing,  from the abundance of chain-end s t ruc tu res  and from 
the presence of low molecular weight compounds. 

The C-13 NMR analysis of polypropylene (14-21) and related model com- 
pounds (22-30) has been subject of numerous publ icat ions due to the com- 
mercial importance of th is  material. Thus suf f ic ient  amount of information 
exists for  peak ident i f icat ion in the open l i terature.  We have ident i f ied 
all chain ends occurr ing in the propylene oligomer mixture by comparison 
with previous assignments reported in the l i te ra ture  (14,17,21,29). The 
assignments were aided by comparison with information on decomposition prod-  
ucts prev ious ly  obtained by mass spectrometry (4) and gas chromatography 
(5-7). 

The only chain ends found are shown in s t ruc tu res  I - IV.  The intensi t ies 
( ])  of these wel l-separated resonances can be used to determine the number- 
average isopropenyl chain end func t iona l i ty :  

2 I ( i s o p r o p e n y l  chain end) 
= 

n I ( i sop ropeny l  cha in  end)  + I ( s a t u r a t e d  chain ends) 

The numbers in I - IV  s t ruc tu res  indicate integrat ion l imits for  the observed 
chemical sh i f ts  in the C-13 NMR spectra. Other predicted chemical sh i f ts  are 
also assigned but cannot be separated due to spectral overlap. 

39.0-41.0 
11.4-11.7 | 13.7-14.5 

-CH2-~H-CH2-CH 3 -CH2-OH-CH2-CH2-CH 3 

CH 3 I CH 3 I I  
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143.0-145.2 
25.4-26.1 I 110.0-112.7 

-CHz-CH-CH 3 -CH2-C=CH 2 

OH 3 I I I  OH 3 IV 

Among the cha in-end s t ruc tu res  found, s t ruc tu res  I I  and IV are dominant. 
The resonances of any other  unsaturated s t ruc tu res  (25) are present  at 
about the detect ion l imit  of C-13 NHR spectrosopy. 

IV IV 

I 

I ! 
140 120 

CDC15 

i 

I I I 
t00 80 60 

PPR 

II II 

I I 

40 20 

I 

Figure 3. Quant i ta t ive  C-13 NMR spectrum of propy lene oli90mers (Table I, 
En t ry  1 ). 

The mul t i tude of cha in-end s t r uc tu re  resonances can be in terpre ted on the 
basis of tac t i c i t y  sp l i t t i ng  and the presence of low molecular weight  com- 
pounds. For example, in the case of isopropenyl  end group the fo l lowing as- 
s ignat ions are known from the l i t e ra tu re  (the numbers are C-13 NNR chemical 
sh i f ts  in ppm): 

144.52 144.64 
i 111-85 ICH3 1111,77 

I I 
PP-OH-OH I 2 -O=OH I 2 PP-OH-CH2-r =CH2 

OH 3 OH 3 CH 3 

References: 

(17,20) 

144.84 145.84 
1111.31 1110.00 

OH -OH-OH -O=OH OH3-CH2-OH2-C=OH21 (25) 
3 I 2 I 2 

CH 3 OH 3 CH 3 

The resonance in tens i t ies  used fo r  func t iona l i t y  calculat ions are as fol lows: 
I (saturated chain ends) = 1/2[ I(39.0-41.0 ppm) + I(13.7-14.5 ppm) ] + 

I(25.4-26.1 ppm) + I(11.4-11.7 ppm) 
from the structures I,II and III; 
I(isopropenyl chain end) = I/2[ I(143.0-145.2 ppm) + I(110.0-112.7 ppm) ] 
from structure IV. 
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In conclusion these results strongly support that isopropenyl and n-pro-  
pyl end groups were formed in one-to-one ratio during the thermolysis of 
polypropylene. 
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